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3DUDPHWULF RSWLPL]DWLRQ LQ GULOOLQJ (1WRROVWHHO DQG GULOO ZHDU
PRQLWRULQJXVLQJ PDFKLQHYLVLRQ DSSOLHGZLWK WDJXFKLPHWKRG
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PHWKRGVGHYHORSHGLQWKLVVWXG\FDQEHXVHGWRRSWLPL]HFXWWLQJSDUDPHWHUVHIILFLHQWO\DQGUHOLDEO\7KHGULOOLQJPRGHO
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7KH LPSRUWDQWJRDOLQWKHPRGHUQLQGXVWULHVLVWRPDQXIDFWXUHWKHSURGXFWVZLWKORZHUFRVWDQGZLWKKLJKTXDOLW\
LQVKRUWVSDQRIWLPH 7KHUHDUHWZRPDLQSUDFWLFDOSUREOHPVWKDWHQJLQHHUVIDFHLQDPDQXIDFWXULQJSURFHVV7KHILUVW
LV WR GHWHUPLQH WKH YDOXHV RI SURFHVV SDUDPHWHUV WKDW ZLOO \LHOG WKH GHVLUHG SURGXFW TXDOLW\ PHHW WHFKQLFDO
VSHFLILFDWLRQV DQGWKHVHFRQGLVWRPD[LPL]HFXWWLQJWRROSHUIRUPDQFH 'ULOOLQJLV WKHSULQFLSDORSHUDWLRQWRPDNH
EROWHGRUULYHWHGDVVHPEOLHVLQLQGXVWU\'ULOOLQJLVWKHILQDORSHUDWLRQGXULQJDVVHPEO\RIWKHDLUFUDIWDQGDXWRPRWLYH
VWUXFWXUHV)RUH[DPSOHIRUDVPDOOSODQHZLWKRQHHQJLQHRYHUKROHVDUHGULOOHGZKLOHIRUDODUJHWUDQVSRUW
DLUFUDIWPLOOLRQVRIKROHVDUHQHFHVVDU\ (UVDQ$VODQHWDO  LQWKLV SXEOLFDWLRQSHUIRUPDQFHRI$O2EDVHG
FHUDPLFWRROVZKHQWXUQLQJKDUGHQHG$,6,VWHHO+5&KDYHEHHQGLVFXVVHG+RZHYHUWKHLUKLJKGHJUHHRI
EULWWOHQHVV XVXDOO\ OHDGV WR LQFRQVLVWHQW UHVXOWV DQG VXGGHQ FDWDVWURSKLF IDLOXUHV 7KLV QHFHVVLWDWHV D SURFHVV
RSWLPL]DWLRQ E\ HPSOR\LQJ 7DJXFKL WHFKQLTXHV &RPELQHG HIIHFWV RI WKUHH FXWWLQJ SDUDPHWHUV QDPHO\ FXWWLQJ
VSHHGIHHGUDWHDQGGHSWKRIFXWRQWZRSHUIRUPDQFHPHDVXUHVIODQNZHDU9%DQGVXUIDFHURXJKQHVV5DZHUH
LQYHVWLJDWHG HPSOR\LQJ DQRUWKRJRQDO DUUD\ DQG WKH DQDO\VLV RI YDULDQFH $129$ -$*KDQL HW DO KDYH
RXWOLQHV WKH7DJXFKL RSWLPL]DWLRQPHWKRGRORJ\7KH VWXG\ VKRZV WKDW WKH7DJXFKLPHWKRG LV VXLWDEOH WR VROYH WKH






PHWKRGVLQFOXGHWKRVHEDVHGRQ VHQVLQJRIWKHFXWWLQJIRUFHV 61+XDQJHWDOYLEUDWLRQV 1LFRODV*XLEHUWHW
DODFRXVWLFHPLVVLRQ 0DUWtQ3 *RPH]HWDODQGPRWRUFXUUHQW +<.LPHWDO6XFFHVVIXOWRRO




SURFHVVLQJ WHFKQLTXHVDQGPDFKLQHYLVLRQV\VWHPVFDQ  HQDEOH GLUHFW  WRRO ZHDU   PHDVXUHPHQW    WR   EH
DFFRPSOLVKHG    LQF\FOH 7KH&RPSUHKHQVLYH OLWHUDWXUH UHYLHZV KDYH EHHQ SXEOLVKHG E\&.+XDQJ KDYH
GLVFXVVHGDERXWWKHGHYHORSPHQWRIDQDXWRPDWHG ÀDQNZHDUPHDVXUHPHQWVFKHPHXVLQJYLVLRQV\VWHPIRUDPLFUR
GULOO ,W LV HYLGHQW IURP OLWHUDWXUH VXUYH\ WKDW WKHUH H[LVWV D QHHG WR VWXG\RQ WKH HIIHFWV RI YDULRXVSDUDPHWHUV RQ
GULOOLQJRI(17RRO6WHHOVLQFH ORWRIZRUNVDUH UHSRUWHGSHUWDLQLQJ WRGULOOLQJRIFRPSRVLWHPDWHULDOVDOXPLQXP
DOOR\VDQGYHU\UDUHO\RQGULOOLQJRIWRROVWHHOV ,WLVUHSRUWHGWKDWWKHFRPELQDWLRQRI SURFHVVSDUDPHWHUVRSWLPL]DWLRQ
DQG WRRO ZHDU PRQLWRULQJFDQJLYHVDWLVIDFWRU\UHVSRQVHIRUDFKLHYLQJGHVLUHGUHVXOWV
 ([SHULPHQWDOSURFHGXUH
7KH H[SHULPHQWDOZRUN FRQVLVWV RI GULOOLQJ(1WRRO VWHHOXVLQJ+LJK6SHHG6WHHO GULOOELW7KHPDFKLQLQJZDV
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)LJ([SHULPHQWDO6HWXS
7DEOH 3URFHVVSDUDPHWHUVDQGWKHLUOHYHOV
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SDUDPHWHUV ZHUH SUHGLFWHG )LQDOO\ D FRQ¿UPDWLRQ H[SHULPHQW ZDV FRQGXFWHG WR YHULI\ WKH RSWLPDO SURFHVV
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0DLQ (IIHFWV 3ORW IRU 61 UDWLRV
'DWD 0HDQV
6 LJQDOWRQRLVH 6PDOOHU LV EHWWHU
)LJ(IIHFWRI&XWWLQJVSHHG)HHGDQG'LDRIGULOOELWRQWRROZHDU
6SLQGOH VSHHGIROORZHGE\ IHHGUDWHDQGGULOOGLDPHWHUVDUH WKHPRVWLPSRUWDQWIDFWRUIRUWRROOLIH )LJ VKRZV
WKHPDLQHIIHFWSORW IRU WRROZHDU7RROZHDU GHFUHDVHV ZLWK LQFUHDVHG VSHHG 7RROZHDU LQFUHDVHVZLWK LQFUHDVHG
IHHG IXUWKHUWKHWRROZHDULQFUHDVHVZLWK LQFUHDVHLQGLDPHWHU WKHUHIRUHWRREWDLQDORZYDOXHRIWRROZHDUVKRXOGEH
VHWDWKLJKFXWWLQJVSHHGORZIHHGDQGGULOOGLDPHWHURI PP7KHODQGLVWKHDUHDUHPDLQLQJDIWHUIOXWLQJ,QRUGHUWR
UHGXFH WKH DPRXQW RI ODQG WKDW FUHDWHV IULFWLRQ ZLWK WKH KROH ZDOO WKXV JHQHUDWLQJ KHDW GULOO ELWV DUH PDUJLQ
UHOLHYHG7KHDPRXQWRIODQGUHPDLQLQJLQFRQWDFWZLWKWKHKROHZDOOGXULQJGULOOLQJLVUHIHUUHGWRDVWKHPDUJLQ7KH
ZLGHUWKHPDUJLQWKHJUHDWHUWKHIULFWLRQDUHDDQGWKHKLJKHUWKHGULOOLQJWHPSHUDWXUHUHVXOWLQJLQKLJKHUH[WHQWVRI
KHDWUHODWHGKROHTXDOLW\GHIHFWV%HVLGHVDPRQJ  WKH  WKUHH  W\SHV RI GULOOGLDPHWHUVPPGULOOVJHQHUDWHV  OHDVW
ZHDUDQGORZHUIULFWLRQDJDLQVW(QVWHHO,WFDQDOVREHVHHQIURPWKHH[SHULPHQWUHVXOWVDVVKRZ LQ7DEOH
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WKDW$%& LVWKHEHVWFRPELQDWLRQRISDUDPHWHUVIRUDFKLHYLQJ GHVLUHGFXWWLQJSHUIRUPDQFH,QRWKHU
ZRUGV WR REWDLQ WKH EHVW FXWWLQJ SHUIRUPDQFH GULOO GLD IHHG UDWH DQG VSLQGOH VSHHG VKRXOG EH PP
PPUHYDQG USPUHVSHFWLYHO\
 'HYHORSPHQWRIUHJUHVVLRQPRGHO
,Q PHWDO FXWWLQJ UHVHDUFK DWWHPSWV KDYH EHHQ PDGH WR ILW DSSURSULDWH HTXDWLRQV WR WKH H[SHULPHQWDO GDWD WR
XQGHUVWDQGWKHHIIHFWRIFXWWLQJSDUDPHWHUVRQWKHPHDVXUHGWRROZHDULQWKHGULOOLQJRI(1WRROVWHHODOVRVLPLODU
DWWHPSWVDUHPDGHWRSUHGLFW WKHWRROZHDU,W LVVHHQLQWKHOLWHUDWXUHWKDW OLQHDURUSRO\QRPLDOIXQFWLRQVDUHILWWHG
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7KHXQLTXHQHVVRIWKH7&0VWUDWHJ\SURSRVHGKHUHLVWKDWIHDWXUHVDUHH[WUDFWHGDQGPRQLWRUHGRQO\IURPFHUWDLQ
VHFWLRQVRI WKHGULOOLQJF\FOH DQGQRW WKHHQWLUHF\FOH7KLV LGHD LVEDVHGRQ WKH IDFW WKDW WKHPHDVXUHGGULOOZHDU
H[KLELWHG D YHU\ REYLRXV FKDQJH LQ UHODWLRQ WRPDFKLQLQJ WLPH DW VRPH SDUWV RI WKH GULOOLQJ F\FOH ZKHUHDV WKH\
KDUGO\H[KLELWHGDQ\FKDQJHVDWRWKHUV%\IRFXVLQJRQWKRVHVHFWLRQVZLWKWKHPRVWGLVWLQFWFKDQJHWKHLQIRUPDWLRQ











7KHVHTXHQFHRI SURFHVVHG LPDJH LVDV VKRZQ LQ ILJ DDQG E LQ HDFKSURFHVV VLJQDODVZHOO DV WRH[WUDFW
VXLWDEOHIHDWXUHV)LQDOO\VPDOODUHDEOREVWKDWDUHSUHVHQWLQWKHLPDJHPXVWEHHOLPLQDWHGOHDYLQJRQO\WKH
WRRZHDU EORE0RUSKRORJLFDO HURVLRQ ZLWKD ; VWUXFWXULQJHOHPHQW ZDVSHUIRUPHGRQ WKHELQDU\
LPDJHZRUQRXW GULOOWH[WXUHGEDVHG VHJPHQWDWLRQ LV DV VKRZQ LQ ILJF DQG ILJG7KHPHWKRG LV HIIHFWLYH LQ




:KHUH 'R  $UHDRIIUHVKWRROLPDJH 'Z  $UHDRIZRUQWRRO
7KH LPDJHVRIGULOOV DUHFDSWXUHGDQG WKHERXQGDU\RI WKHFXWWLQJ SODQH LVH[WUDFWHGXVLQJHGJHGHWHFWLRQ7KH
FRPSXWHGIODQNZHDUDUHDLQ(T ZDVLQFOXGHGLQWKHH[SHULPHQWVRIGULOOLQJRSHUDWLRQV$VWKHPDFKLQLQJWLPH
LQFUHDVHVWKHGULOOZHDUDUHDGHFUHDVHV
7KHVLJQDOVDQG WRROZHDUGDWDZHUHUHFRUGHGIURPWKH ILUVWFXWWLQJXQWLO WKHFXWWLQJ WRROZHDU UHDFKHGPP
7KHRYHUDOO UHVXOWVRI WKHPDFKLQLQJSURFHVVHVZHUH UHFRUGHGDQG WKH UHODWHG ILJXUHVZHUH VKRZQ LQ)LJ )URP
WKHVHILJXUHVLWFDQEHFOHDUO\VHHQWKDWWKHIODQNZHDURIWKHFXWWLQJWRROVFDQEHGLYLGHGLQWRWKUHHVWDJHVEUHDNLQ
SHULRG VWHDG\ VWDWH DQG IDLOXUH UHJLRQ 7KH IODQN ZHDU PHDVXUHPHQW UHDFKHV PP IDVWHU ZLWK WKH LQFUHDVH RI
PDFKLQLQJWLPH
)LJ VKRZV WKH9DULDWLRQRI7RROZHDUZLWK7LPH VSHHG USP IHHGPPUHY IRU(1PDWHULDO RI
WKLFNQHVVPPIRUWKHWRROZHDUDVWKHUHVSRQVHYDULDEOH$QG)LJXUH VKRZVWKH9DULDWLRQRI$UHDZLWK7LPH
VSHHG USP IHHG PPUHY IRU (1 PDWHULDO RI WKLFNQHVV  PP IRU WKH WRRO ZHDU DV WKH UHVSRQVH
YDULDEOH$FFRUGLQJ WR )LJ SURJUHVVLQJ WRROZHDU VHHPV WR KDYH WKUHH HIIHFWV RQ WKHPDFKLQLQJ WLPH )LUVWO\ LW
VKRZV DPRGHUDWH LQFUHDVHV LQPDJQLWXGHZKLFK FDQEH DWWULEXWHG WR WKH UDSLG WRROZHDU IURP  SL[HOV WR 
SL[HOV6HFRQGO\WKHPDJQLWXGHEHFRPHVWHDGLHUIURP  SL[HOVWR SL[HOVWKLVLVWKHLQGLFDWLRQRIVWHDG\ZHDU
7KLUGO\WKHVORSHRIWKHWRROZHDULQDGULOOLQJF\FOHFKDQJHVIURP SL[HOVWR  SL[HOVVRPXFKVRWKDWWKHSRLQW
DWZKLFKWKHGULOOZHDU$5($EHJLQVWRUDLVH$QRWKHULQGLFDWRUIRUVHYHUH WRROZHDU7KHPD[LPXPVORSH\LHOG
'ULOO ZHDU









x ,Q WKLV VWXG\ WKH7DJXFKLPHWKRGZDVXVHG WR DQDO\]H WKH HIIHFW RI VSLQGOH VSHHG IHHG UDWH DQGGULOO
GLDPHWHURQIODQNZHDU





x ,Q WKLV VWXG\ WKH DQDO\VLV RI WKH FRQILUPDWLRQ H[SHULPHQW IRU WRRO ZHDU KDV VKRZQ WKDW 7DJXFKL
SDUDPHWHU GHVLJQ FDQ VXFFHVVIXOO\ YHULI\ WKH RSWLPXP FXWWLQJ SDUDPHWHUV $%& ZKLFK DUH




x 7KHIODQNZHDUDUHD LQFUHDVHG ZLWK WKHQXPEHURIKROHVGULOOHG
x %HWWHUFRUUHODWLRQRIDFWXDOWRROZHDUDQGHVWLPDWHGWRROZHDUXVLQJPDFKLQHYLVLRQZDVREVHUYHG





-$*KDQL ,$&KRXGKXU\+++DVVDQ  ³$SSOLFDWLRQ RI7DJXFKLPHWKRG LQ WKH RSWLPL]DWLRQ RI HQGPLOOLQJ SDUDPHWHUV´ -RXUQDO RI
0DWHULDOV3URFHVVLQJ7HFKQRORJ\  ±
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